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ABSTRACT
Modifications of a 1 Mev Van de Graaff accelerator 
to meet the requirements of an added ion bunching system 
are described in moderate detail. An extensive vacuum 
chamber, previously designed to allow for increased length 
of the ion beam path and to accommodate certain equipment 
required for the bunching of ions, has been tested, assem­
bled, and installed. A beam analyzing magnet has been 
designed and constructed for selecting the monatomic ion 
beam. Adjustment in the angle of the pole piece edges of 
this magnet provides a small degree of fringe field focus­
ing of the beam. Field shaping for proper beam focusing of 
the existing bunching magnet is described in some detail.
By means of the technique described, focusing in the plane 
of the field gap was adequate for preliminary ion bunching. 
Corona spray charging of the electrostatic generator belt 
has been replaced with a more stable, induction charging 
system whereby the charge is carried to the high voltage 
shell on wire paper staples in the belt. Particular atten­
tion is given to modifications of the existing ion source 
to fulfill the requirements of the added ion bunching 
equipment. Preliminary testing of the new source indi­
cates a maximum output of approximately 500 microamperes 
'Of positive ion current, with a favorable Hf/H* ratio.
vi
Apparatus and alterations introduced into the system for 
convenient beam alignment are discussed, and further 
measures taken to enhance the reliability of the Van de 




In mid-195^ a 1 Mev Van de Graaff accelerator was 
procured by the Physics Department of Louisiana State 
University from the Laboratory for Nuclear Science and 
Engineering at The Massachusetts Institute of Technology, 
through a G. P. E. contract with the Office of Naval 
Research. During subsequent months the accelerator was 
Installed, with necessary modifications, in a temporary 
laboratory at Louisiana State University.1 This machine, 
a positive ion accelerator constructed by D. H. Prisch and 
colleagues at the M. I. T. laboratory, was built primarily 
for low energy proton-proton and neutron-proton scattering 
experiments.2
Upon completion of the assembly and Installation of 
the accelerator at L. S. U. in 1955> It was employed In a 
study of the angular distributions of neutrons from the 
D(d,n)He3 reaction at various bombarding energies within
1E. A. Williamson, "Installation and Operation of a 
Van de Graaff Accelerator," Thesis, Louisiana State 
University, (1955).
D. I. Cooper, D. H. Frisch, C. L. Storrs, Jr., and
C. J. Strumski, "A Small Electrostatic Generator," The 
Physical Review, LXXIX (1950), 208. ---
2
the limitations of the accelerator.3, 4 This study was an 
outgrowth of an angular distribution analysis of neutrons 
from the same reaction at 100 Kev, in which the L. S. U. 
Cockroft-Walton accelerator was used to supply the bombard­
ing deuterons.-*
By 1955 the execution of a proposed scheme for pro­
ducing high intensity ion pulses of short duration for neu­
tron time-of-flight analysis was well underway at L. S. U.^ 
The method, designated as ion "bunching," embodies a spe­
cially designed, double focusing magnet a3 its principal 
7 8component. An appropriate periodic deflection of a
continuous monoenergetic ion beam at one focus of the magnet 
sweeps the beam over the range of possible path lengths,
3j. C. Puller, "Angular Distributions of the D(d,n)He3 
Reaction Below 1 Mev," Dissertation, Louisiana State 
University, (1957).
^J. C. Puller, V/. E. Dance, and D. C. Ralph, "Angular 
Distribution of the D(d,n)He3 Reaction Below 1 Mev," The 
Physical Review, CVIII (1957), 91.
5j.  c. Puller, "The Angular Distribution of D-D Neu­
trons at 100 Kev," Thesis, Louisiana State University, 
(1954).
^R. C. Mobley, "Proposed Method for Producing Short 
Intense Monoenergetic Ion Pulses," The Physical Review, 
XXCVIII (1952), 360. -------------------
7C. H. Blakewood, "An Apparatus for Producing Milli­
microsecond Pulses of Ion Current," Thesis, Louisiana State 
University, (1953).
®R. C. Mobley, C. H. Blakewood, and D. C. Ralph, "A 
Low Voltage Magnet and Regulated Power Supply," The 
Physical Review, C (1955), 1242.
3
therein converting the continuous beam into short duration, 
high intensity pulses at the other focus. When incident 
upon target nuclei, these pulses give rise to reaction 
particle pulses with correspondingly high intensity and 
short duration. This method lends it3elf favorably to 
time-of-flight analysis of the energy and angular distri­
butions of scattered neutrons. The production of such ion 
pulses is intrinsically superior to simple chopping of a 
continuous ion beam of moderate intensity, inasmuch as the 
shorter duration of the pulses enhances the distinguishing 
between the direct, the elastically scattered, and the in- 
elastically scattered neutrons; furthermore, the greater 
intensity of the pulses results in an improved ratio of
Quseful to background counts at the neutron detector.
For generating the required monoenergetic beam of 
positive lon3 to feed the ion bunching system, it was pro­
posed to use the previously-discussed 1 Mev Van de Graaff 
accelerator. Previous experience with this accelerator 
and preliminary operation and testing revealed that its 
utilization as an input to the new ion bunching system 
would necessitate extensive modifications and rejuvenation 
of the existing machine. Because of the pronounced deteri­
oration of many of the essential components of the accelera­
tor and its poor general repair, it was deemed desirable to
^Mobley, The Physical Review, XXCVTII, 361.
4
replace a number of components witn new ones, modified to 
fulfill the requirements of the added bunching apparatus.
The general requirements for modifications imposed on 
the L, S. U. accelerator by the addition of the ion bunch­
ing system are as follows:
(1) An extensive vacuum cnamber, properly aligned for the 
ion beam trajectory, and designed to receive the bunch­
ing magnet and its auxiliary components;
(2) A more reliable and stable charging system for the 
high potential shell of the Van de Graaff generator, 
capable of charging currents up to 200 microamperes;
(3) An ion source capable of delivering approximately 150 
microamperes of positive ion current with a favorable 
ratio of monatomic ions to total number of ions;
(4) A positive means of focusing and tnreading the ion 
beam througn tne vacuum chamber and apertures con­
tained tnerein, and into the bunching magnet;
(5) A more compact beam analyzing magnet with a broader 
range of available magnetic fields;
(6) A more efficient cooling system whicn would facili­
tate longer periods of operation without overneatlng 
of components in tne interior of the pressure tank 
containing tne nigh voltage insulating gases;
(7) Replacement of deteriorated electronic power supplies 
and electrical wiring to insure long periods of 
trouble-free operation.
5
In succeeding chapters will be described these modi. 
fication3 and additions and other related experimental 
work preparatory to operation of the ion bunching system 
for neutron tirae-of-fllght experiments.
CHAPTER II
THE VACUUM CHAMBER
The production and maintenance of a suitable vacuum 
for passage of the ion beam is of prime importance in the 
operation of an accelerator. Addition of an apparatus of 
such magnitude as the ion bunching system to an accelera­
tor makes the attainment of a high vacuum in an appropri­
ate chamber a major phase of this endeavor. In this 
section will be outlined the general design of the vacuum 
system, and a discussion of the leak testing of the cham­
ber will be given.
To maintain a well-collimated beam of Ions throughout 
the entire trajectory to the target requires pressures 
below about 1 X 10"^ mm Hg. Pressures above this value 
give rise to beam spread and loss of intensity due to col­
lisions with excessive numbers of non-ionized molecules.
If this beam spread becomes excessive, ions striking the 
chamber walls will be embedded, and, In the case of deu- 
terons, will induce production of neutrons In regions 
other than that of the target. The resulting increase 
in neutron background would aggravate the problem of 
shielding.
Further, as the pressure in the accelerating tube 
Increases, the allowable accelerating voltage gradient
6
7
decreases accordingly. If this voltage is exceeded, either 
by a sudden increase in machine voltage or by a sudden in­
crease of pressure, electrical breakdown will occur inside 
the accelerator tube, resulting in loss of beam and pos­
sible insulation damage.
A schematic diagram of the vacuum system is presented 
in Figure 1, and Plate I is a photograph of the assembled 
system. The total length of the chamber, including 
accelerating tube, is about twenty-seven feet, and its 
approximate volume is one hundred twenty liters. Approxi­
mately thirty separate pieces, Joined by neoprene O-ring 
gasket seals, comprise the assembly. Materials chosen for 
construction are aluminum, copper, steel, brass, and 
?jcite, all of which have sufficiently low vapor pres­
sure for high vacuum application. The ion beam tube 
proper is fabricated chiefly from aluminum because of its 
low Z nurler, and also because of the ease with which it 
is machined. On either side of the buncher magnet is a 
steel bellows v.vich gives flexibility to the system for 
beam alignment purposes. Lucite plates of one-inch thick­
ness allow for visutit accessibility to the Interior at 
various points. These plates serve also as convenient 
removable mounts for such components as beam shields, aper­
tures, electrostatic deflecting plates, and electrostatic 
lenses inside the vacuum chamber.
A salient feature In the vacuum assembly is the incor­





U b o o g t e r LJ d ir .  L fu O U IO  1__
DIFFUSION FU SIO N N )  
n  PUM P n  PU M P I—I TRAP I 1
FORE
PU M P
B E A M
A N A LY ZER
L I Q U I D
N 2
TR AP
I U N C H I R
M A G N E T
T O  TAR O C T
L IQ U ID
TR A P
F U S IO N
P U M P
FIGURE 1
SCHEMATIC DIAGRAM OF THE VACUUM CHAMBER
PLATE. I
T H E  V A C U U M  C H A M 5 E R
10
the vacuum chamber. The poles of the magnet form the 
vacuum chamber walls by mean3 of neoprene 0-ring seals to 
an aluminum framework. This procedure permits a narrow 
magnet gap and, hence, stronger and more uniform fields 
across the gap.
The primary pumping system consists of three Consoli­
dated Vacuum Corporation MCF-300 four-inch diffusion pumps 
using Octoll pump fluid, and backed by Welch Duo-Seal Type 
1402B roughing pumps. To insure adequate pumping at the 
base of the accelerating tube, a booster diffusion ?ump, 
Distillation Products Industries Type MB100, was added 
between the main diffusion pump and the forepump, as 3hown 
-■ in the diagram of Figure 1, Vapor traps, cooled by liquid 
nitrogen, are provided on the low-pressure side of the 
main diffusion pump3 in order to further reduce oil vapor 
and other condensable vapors in the system. Two of these 
trap3 are constructed from the concentric copper spheres 
of a fifteen liter Superior Air Company liquid nitrogen 
container, modified to allow thermal contact between the 
Inner container and the oil vapor baffles above the dif­
fusion pumps. The third trap, having a capacity of 
approximately three liters, consists of concentric copper 
cylinders located between the diffusion pump and the ion 
beam tube.
To measure pressure in the range .001 to 1,0 mm Hg, 
several thermocouple gauges (NRC Type 501) are furnished.
11
6 ^For pressure measurements from 10~ to lO--5 mm Hg, two 
ionization gauges (NRC 05-0700) are presently used. Pro­
vision has been made for mounting other such gauges as may 
be required in the future.
Before the installation of the vacuum chamber into the 
Van de Graaff accelerator could be completed, extensive 
leak-testing of the system was essential. As each sub- 
assembly was completed, it was tested for macroscopic 
leaks before removal from the machine shop. The entire 
vacuum chamber was then pre-assembled and tested for micro­
scopic leaks after each addition of a new section. This 
testing was performed by evacuating the system to the best 
attainable vacuum and applying leak detection equipment.
At pressures ranging from 1.0 to 300  microns of Hg a 
Freon Leak Detector, Consolidated Vacuum Corporation, Type 
LD-01, was U3ed to detect the presence of Freon-12 gas 
(CClgFg) inside the vacuum chamber when a small jet of 
this gas was sprayed over the suspected exterior surface. 
The ion current which is indicated in the sensing element 
of this detector is proportional to the leak rate of the 
gas into the vacuum chamber. Sealing of leaks isolated in 
the foregoing manner further reduced the pressure in the 
system. Below about 1.0 micron of Hg pressure a more 
sensitive, mass-spectrometer type, helium leak detector 
was used. This apparatus, constructed at L. S. U. in 1955,
12
is sensitive to one part of helium in 4 0 0 , 0 0 0 . ' L
By using these detection devices, it was found that 
the principal trouble areas lay in tne aluminum-welded 
sections of the system. The various sections of the system 
which required rectangular enclosures were formed from one- 
inch aluminum sheet, welded at the joints to create the 
box-like structures. Tnese joints resulted in the chief 
source of microscopic leaks. It was only after repeated 
re-welding of certain of these joint3 that they were freed 
from such leaks. In one particular case, that of the 
aluminum framework retaining the buncner magnet poles, tne 
welded structure was replaced by a similar one machined 
from a solid block of aluminum.
In order to maintain a well-collimated ion beam with 
a minimum of "halo," several slits and apertures were in­
serted at various points along the beam center in the 
vacuum chamber. Due consideration must be given, however, 
to the problem of neutron background arising from imbedded 
deuterons at tne edges of these apertures. Previous 
investigations at Louisiana State University of the D-D 
reaction in various target materials and at varying
■̂ N. J. Santini, "A Mass Spectrometer Type Ifelium Leak 
Detector," Thesis, Louisiana State University, (1956).
13
2 ^ 4temperatures * ->* Indicate that tantalum, if maintained 
at a temperature around 1,000 degrees centigrade, is a 
suitable material for these apertures. Such a slit was 
consequently constructed from tantalum and inserted in the 
vacuum chamber to observe the effect of heating the slit 
material inside the vacuum. The dimensions of the mate­
rial were 7" x 1-5/tf" x .005" with a rectangular opening 
4-1/2" x 7/1l>". The slit was heated electrically to 980°C 
by passing 140 amps at 5«o volts. Temperature measure­
ments were obtained by a Leeds and Northrup Type 86-B 
optical pyrometer. Water cooling of the slit mounts im­
peded the transfer of heat by conduction from the slit to 
the chamber wall. It was found, however, that at these 
temperatures, a considerable amount of shielding was 
necessary to prevent overheating of the aluminum walls 
and luclte cover plate by radiation from the slit. The 
required shielding was effected by enclosing the slit and 
water-cooled mount in a copper cylinder of one-eighth inch 
thickness with openings of the dimensions of the slit open­
ing. To further shield the lucite cover from heat radiation,
^Robert W. Campbell, "D-D Reaction in Various Target 
Materials," Thesis, Louisiana State University, (1954).
^Jerry D. Korsmeyer, "Temperature Variations of the 
Neutron Yield From the D-D Reaction In Molybdenum and 
Tantalum," Thesis, Louisiana State University, (1954).
^R. W. Campbell, J. D. Korsmeyer, and D. C. Ralph, 
"Neutron Yields from the D-D Reaction in Various Target 
Materials," The Physical Review, XCIV (1954), 791A.
14
a sheet of mirror-finlsh aluminum was Inserted between the 
slit and the luclte cover. This shielding was sufficient 
to repress the temperature ri3e in the chamber walls to 
thirty-two centigrade degrees over a period of eight hours 
of continuous operation. To reduce the power requirements 
and cooling problems for a system of such slits, it is 
proposed to periodically heat the slits.
After exhaustive testing for leaks and repairing of 
existing leaks, the attainable pressure in the system 
wa3 approximately 7 X 10“° mm Hg with vapor traps chilled 
by liquid nitrogen.
The chamber was then disjoined and reassembled in its 
permanent support structure below the Van de Graaff accel­
erator. Before each section was added, the partial system 
was evacuated and an ion beam' passed through as an align­
ment procedure. After reassembly the entire vacuum cham­
ber was again tested for leaks.
CHAPTER III 
MAGNETIC FIELDS
The operation of the ion bunching system requires, in 
addition to the buncher magnet, a beam analyzing magnet, 
designed to fulfill the needs of the system, and also a 
magnetic or electrostatic deflector for suitable chopping 
of the Ion beam. The present chapter will include a dis­
cussion of the design and construction of the beam ana­
lyzer, the addition of shims to the pole faces of the 
existing bunching magnet for proper beam focusing, and 
the replacement of a magnetic beam deflector by an elec­
trostatic deflector as a component of the ion beam chopper.
The purpose of the analyzing magnet is twofold: (l)
to select a monatomic Ion beam and (2) to provide a con­
venient rough energy reference for the accelerator. An 
electromagnet capable of producing a variable uniform field 
in excess of 4,000 gauss over a 7/8 inch gap was con­
structed for analyzing the Ion beam after it emerges from 
the accelerator. This magnet is pictured in Plate II.
Hot rolled 2" x 4" steel stock was used for construction 
of the armature, with attached pole pieces of dimensions 
2»i x 2" x 6" machined from the same material. The magnet 
poles and the sections of the armature were fastened with 
3/8 inch steel cap screws. The field windings consist of 




and Insulated with 1/2” x .003” fiberglass ribbon. Fiber­
glass sheets, .020” thick, separate the two coils on each 
a m  of the magnet. Cooling of the coils is achieved through 
1/8” hard copper plates 5" x 7", with one turn of 1/4" 
copper tubing soft soldered to the outside surface for 
circulating water. Four such plates are U3ed, one attached 
to either side of each pair of field coils. The poles of 
the analyzer are fitted into a recession in the outside 
surface of the aluminum vacuum chamber. In order to per­
mit horizontal emergence of the ion beam from the bunching 
magnet, a deflection angle of 13 degrees (for 1 Mev deu- 
terons) is imposed on the analyzer magnet. Regulated cur­
rent for the magnet I3 supplied by a modified Sorenson 
Nobatron power supply, Model E-28-30.
Using the nuclear magnetic resonance method described 
by Hopkins,1 the field strength of the analyzing magnet 
was measured for various currents. In this technique a 
proton sample is mounted within a small coll which is in­
serted in the magnetic field with the axis of the coil at 
right angles to the direction of the field. R.f. oscilla­
tions are set up in this coil at a frequency determined by 
a tuning capacitor. Coincidence of this frequency with 
the Larmor frequency of the protons causes transitions,
1N. J. Hopkins, "A Magnetic Field Strength Meter Using 
the Proton Magnetic Moment," The Review of Scientific 
Instruments, XX (1949)> 401.
18
with resulting absorption of energy from the r.f. field.
*
These energy transitions may be observed by the use of a 
suitable detector circuit2*3 an(j an oscilloscope. The 
field strength is then determined from the equation
H = (234.8 t o.2)f, (1)
where H is the magnetic field strength in gauss, and f is 
the Larmor frequency in megacycles. The calibration curve 
resulting from these measurements is given by Figure 2.
Preliminary testing of thia magnet by passing an ion 
beam through the analyzer indicated that a small amount of 
fringe field focusing was desirable in order to bring the 
beam into a good focu3 at the entrance of the bunching 
magnet. Beam deflection in a plane perpendicular to the 
median plane results if the entering beam is non- 
perpendicular to the edge of the magnet poles. To obtain 
3ome degree of focusing in this plane, the pole pieces of 
the analyzing magnet were fitted with semi-circular end 
pieces dove-tailed into the poles to permit adjustment of 
the beam entrance angle to the edge of the magnet. Some 
desired fringe field focusing was observed as the angle 
of the end pieces of the poles was varied.
The ion bunching magnet, pictured in Plate III, is 
described in principle by Mobley** and in detail by Mobley
2Ibid., p. 402.
3r . L. Traughber, R. H. Jackson, D. C, Kurts, and C. R. 
Wilson, Term Report, Louisiana State University, (1956).
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and o t h e r s . F o r  proper beam focusing of a single magnet 
system, Camac gives the following double focusing condi­
tions,^ using the notation in Figure 3:
Fringe field focusing,
v -  k  +  k  ; (2)t - V S  r - 1/^
Gap field focusing,
tan v > 1 / 3  ̂ r * .* - (t*w • ♦ V"3)(t An r + l/R)
(3)
where S = S'/C and R « R'/C. Taking a value of 183 cm for 
S' and R* as design parameter for the bunching magnet, 
Mobley has shown that the maximum permissible value of v in 
the equations above for fringe field focusing is 103.14 de­
grees. This calculation is based on a value of 13.7 cm for 
C, the radius of curvature of the ions in the magnetic 
field. The 13.7 cm is the radius of curvature of a 1 Mev 
deuteron in a 15,00o gauss field, which is readily avail-
g
able with the bunching magnet.
Upon installation of the magnet into the vacuum cham­
ber of the accelerator, beam observations were made which 
Indicated that aberrations existed for ion paths which
-makewood, o£. cit., pp. 5-40.
bMobley, Blakewood, and Ralph, op. cit., p. 1242.
^Morton Camac, “Double Focusing with Wedge-Shaped 
Magnetic Fields,“ The Review of Scientific Instruments, 
XXII (1951), 197. ------------------------------------
®R. C. Mobley, Research Proposal, A. E. C., Contract 
AT-(40-1)-1977, October, 1958, p. 5.
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SCHEMATIC OF ION TRAJECTORIES THROUGH THE BUNCHING MAGNET
differed appreciably from the trajectory through the center 
of the gap. The magnet was consequently removed from the 
vacuum chamber and reassembled in open air for access to 
the field gap. To test the uniformity of the magnetic 
field, a search coll 1 cm wide and shaped like a beam path 
through the magnet was used. The length of the coil in the 
field was 24.7 cm plus 2.5 cm to allow for the fringe 
field. Extra length was provided for extension of the 
coil outside the magnetic field. These search coil data 
revealed a region of nonuniformity in passing through the 
magnetic field from one edge to the center in a direction 
corresponding to that of the Intended beam sweep for ion 
bunching.
To further investigate the focusing properties of the 
magnet, a means of simulating the actual beam path through 
the magnet was set up in the laboratory. In this arrange­
ment a small copper wire carrying sufficient current to 
heat It considerably Is passed through the magnet gap. If 
the hot wire enters the field at a point corresponding to 
that of the ion beam entry* then the force of the magnetic 
field causes the flexible wire to assume the shape of an 
Ion trajectory through the magnet. By passing the wire 
over a pulley and attaching weights after it emerges from 
the magnetic field, the wire may be brought into equilib­
rium and its position observed on an appropriate scale. 
Referring to the Insert of Figure 3» the equation for 
equilibrium of the wire is
24
2T sin = BIdl, (4)
where T is the tension in the wire; B is the magnetic field 
strength; and I is the current in the wire. Due to exces­
sive amounts of friction in the wire suspension system, 
however, this technique was abandoned in favor of one in 
which the actual ion beam from the accelerator was traced 
through the magnetic field.
Por tracing beam paths through the bunching magnet, 
fluorescent scales were inserted at various points in the 
vacuum chamber to intercept the beam for position measure­
ments. These scales were designed to be moved in or out 
of the beam. Their location is shown in the diagram of 
Figure 3* At a point upstream from the magnet, the mono­
chromatic beam was deflected electrostatically, and it3 
position on the two downstream scales noted for correspond­
ing points of entry into the magnet from the upstream scale. 
These position readings were used as a basis for design of 
steel shims for reshaping the magnetic field. Proper ion 
bunching at the target calls for elimination of aberra­
tions such as those indicated by previous beam tests.
Plots of beam position on the target scale as a func­
tion of magnet entry position as observed on the upstream 
scale were made. This data was the basis for calculations
by others^ of the shape and dimensions of the shims to be
9r . C. Mobley, A. E. C. Ion Buncher Notes, 1958.
25
added. To arrive at the proper focusing conditions for all 
beam paths through the magnet, the shaping of the field in 
this manner required several changes in the shim shape.
The dimensions and shape of the new shim were determined 
each time by the shape of the preceding one and the curve 
obtained by plotting beam deflection at the target versus 
upstream scale positions for that shim. Figure 4 3hows 
three of these curves, and the shape of one of the shims 
resulting from this data is given in Figure 5. By means 
of the graphical method just outlined, the magnetic field 
wa3 altered to produce better focusing properties in the 
plane of the field gap. Focusing in the plane perpendicu­
lar to the gap was somewhat weaker than theoretically pre­
dicted,^ the width of the beam measured at the target 
being greater than three inches. To correct for this 
divergence of beam from the bunching magnet, an electro­
static lens11 was installed to provide the necessary addi­
tional focusing.
T OThe method proposed originally by Mobley for chop­
ping the ion beam includes a third electromagnet. In this 
scheme, sketched in Figure 6, the beam deflection across 
the bunching magnet is permitted in one direction only,
10Camac, op. cit., p. 198.
11Mobley, Research Contract Proposal, p. 5.
12Ibid., p. 8.
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to eliminate the background which would arise from a return 
sweep. The beam passes between secondary deflecting plates 
U, which deflect the beam across a stop S, placed off the 
center line of the vacuum chamber. Once every r.f. cycle, 
a portion of the beam is therefore swept past the stop and 
into the "chopper1 magnet V, where it is bent and brought 
to a focus between another pair of secondary plates W.
The deflection of the ion beam introduced by plate3 U is 
removed by the plates W, leaving a chopped beam with only 
the deflection produced by the primary deflecting plates A.
The yoke of magnet V was machined from a single piece 
of hot-rolled steel, with four-inch circular poles fas­
tened with steel cap screws. The faces of the circular 
poles were machined to a shape essential for double focus­
ing of the beam. Construction of the field coils was 
similar to that of the analyzing magnet, inasmuch as the 
same types of conducting ribbon, Insulation, and cooling 
plate material were used. For this magnet, however, the 
coils were wound on removable brass forms, and the pole 
pieces were incorporated into the vacuum chamber, as was 
done with the buncher magnet.
Observations of the focusing properties of this magnet 
indicated that some field shaping would be required for 
proper double focusing at the secondary deflecting plates 
W. Previous experience with the bunching magnet showed, 
however, that such alterations to the pole faces inside 
the vacuum chamber are tedious and time-consuming, since
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the vacuum must be broken and re-established each time a 
beam test is made for a new shim. In view of these diffi­
culties, it was decided to replace the magnet V by off- 
center electrostatic deflecting plates, and to use parallel 
plates for the secondary plates U and W. In this chopping 
arrangement no beam focusing is needed.
CHAPTER IV 
MODIFICATIONS AND IMPROVEMENTS IN THE 
ELECTROSTATIC GENERATOR
1. Charging System. The original charging system 
for the Louisiana State University Van de Graaff generator 
operated in the following manner. The lower pulley was 
maintained at a negative potential of 0 to 2C kilovolts 
from an electronic supply. A comb of corona points, essen­
tially at ground potential, sprayed positive charge toward 
the moving belt and the negatively charged pulley. The 
charging belt, woven from cloth and coated with a syn­
thetic rubber, Intercepted the charge and carried it up 
to the high voltage shell. There the charge was removed 
by a second row of corona points, with the charging cur­
rent flowing through a high resistance to the shell.
Another set of points sprayed negative charge onto the 
belt as it left the upper pulley on its way down. Near 
the lower pulley was a fourth corona comb where the "down 
charge" was attracted and allowed to flow through an am­
meter to ground potential.1 With continued operation using 
this method of charging, stability of the system grew pro­
gressively poorer. Steady charging currents were difficult 
to maintain; sparking down the belt initiated sequences
■^Williamson, o£. cit., p. 8.
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of high voltage sparks from which the machine was slow to 
recover; and such sparking caused considerable damage to 
the charging belt. Die need for improving or replacing the 
charging system was therefore apparent.
To eliminate these difficulties, the corona spray 
apparatus was replaced by an induction system, shown sche­
matically in Figure 7* In this arrangement the charge is 
carried to the high voltage electrode on wire staples In 
the belt. Round wire paper staples, 1/2 inch long and 
placed 1/4 inch apart, were clinched parallel to the belt 
surface. An endless woven Tilton belt (light 6-ply, HT-30) 
of the coated type with dimensions 15" x 84" was stapled 
with a density of approximately 770 staples/ft2. Hie pat­
tern of the staple array is shown in the insert of Figure 
7. The charging plate A In the main diagram Is maintained 
at a negative potential of 12 kilovolts or less by the 
illustrated d. c. supply, while the lower pulley is 
grounded through an ammeter. Plate A is constructed of 
1/8 Inch aluminum with dimensions 2" x 16". The center 
of the plate is placed 3/16 inch from the line where the 
belt is tangent to the pulley. The negative potential 
on the plate therefore induces a positive charge on the 
pulley and on the staples in contact with the pulley.
Die positively charged staples are subsequently carried by 
the moving belt to the upper pulley, which is insulated 
from the high voltage electrode. Another electronic 
supply, similar to the one at the lower pulley, is located 
within the high voltage shell to apply a negative potential
33
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to the upper pulley. Hence the positive charge carried up 
by the belt Is transferred to the high voltage shell 
through the power supply. The positive 3ide of the supply 
Is connected to charging plate B, which Induces negative 
charge on the staples as they leave the pulley, thus pro­
viding the “down charge” current.
With this system and with the staple density and the 
charging plate spaclngs just described, a maximum charging 
current of 200 microamperes at 60 ft/sec belt speed has 
been measured. The stability is quite satisfactory for 
long periods of continuous operation.
2* Ion Source. The satisfactory operation of a 
charged particle accelerator is heavily dependent on proper 
performance of the ion source. Use of the available Van de 
Graaff accelerator for ion bunching necessitated various 
improvements in the existing ion source to satisfy the 
additional beam requirements of the new system. This ion 
source, an Oak Ridge type2 radio-frequency source, was 
therefore replaced by a new one of the same type, with sev­
eral modifications.
The r. f. power available for exciting the ion source 
discharge was increased by replacing the oscillator cir­
cuit by the one shown schematically in Figure 8. Two
OC. D. Moak, H. Reese, and W. M. Good, “Design and 
Operation of a Radio-Frequency Ion Source for Particle 
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4X150A power tetrodes, each having a plate dissipation rat­
ing of 150 watts, make possible the increased power output. 
The power delivered to the discharge is approximately 100 
watts at 140 megacycles. Transfer of power from the oscil­
lator to the discharge is through inductive coupling of the 
tank circuit to the two external electrodes on the Fyrex 
vessel.
The Pyrex discharge vessel was replaced with a new one 
of the same design, obtained from Radiation Counter Labora­
tories, Inc. At the time the new bottle was inserted, the 
aluminum probe canal was reduced In diameter from 1/lG Inch 
to 3/64 inch in an attempt to reduce the loading of the 
accelerator electrodes.
During early operation of the new ion source, consid­
erable difficulties arose from sparking, which occurred 
from the plasma through the Pyrex bottle to the metal base. 
Sparking later occurred to the brass ring placed concentric 
to the base of the bottle for compression of the neoprene 
0-rlng seal. Punctures from sparks appeared also in the 
quartz insulating sleeve around the aluminum probe canal. 
The latter difficulty was attributed to the loose-fitting 
sleeve shipped with the discharge bottle. This condition 
was corrected with a sleeve having the approximate .003 
inch clearance recommended by Moak, et. al.3 The first- 
mentioned trouble was alleviated by Insertion of a flat
3Ibid., p. 22.
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teflon ring 1/16 inch thick between the bottle and the 
metal base. The brass clamping ring for the O-rlng seal 
around the base of the bottle was replaced by a teflon 
ring having a thickness of 1/4 Inch.
In order to conserve space and to reduce power con­
sumption within the high voltage shell, the electromagnet 
used for restricting electron paths in the ion bottle was 
replaced by Indox ceramic permanent magnets. (See 
Figure 9). This material, pressed BaFe-j^0^* makes pos­
sible a lightweight magnet with high resistivity and co­
ercive force. The magnet used in the present application 
is built up from two rings of Indox V, each having an 
inside diameter of 2.42 inches and a thickness of .570 
inch. The axial field of a stack of four such rings was 
given by the supplier as approximately 900 gauss midway 
between the ends of the stack, and about 600 gauss at the 
ends. It was found that a stack of two of the rings maxi­
mized the ion current from the source at the deBired set 
of operating conditions.
Under certain operating conditions, sharp focusing of 
secondary electrons from the aluminum canal tip was 
observed on the Pyrex shield at the top of the vessel.
This electron focus, brought about by the axial magnetic 
field, resulted in considerable heating and damage to the 
Pyrex shield. To allow operation of the ion source under
^The Indiana Steel Products Company.
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normal conditions without damage, the vessel was altered, 
following a design reported by Moak,^ and diagrammed in 
Figure 9* The Pyrex bottle was cut off near the upper end 
Just below the electron shield. The narrow neck containing 
the tungsten anode was replaced with an aluminum cylin­
drical anode fitted to the inside of the bottle and sealed 
with a neoprene O-rlng. The large aluminum surface per­
mits focused electron beams without damage to the bottle. 
Heat dissipation from this anode is through external alumi­
num fins cooled by a 28 volt d.c. blower. Two additional 
blowers circulate air around the lower part of the base of 
the bottle, where the discharge has the greatest intensity.
As a further measure toward increasing the current 
output of the ion source, the quartz sleeve shielding the 
aluminum probe canal from the plasma was replaced by a syn­
thetic sapphire sleeve, having a wall thickness of .070 
inches. A new probe canal with a 1/16 inch diameter hole 
was machined to the proper outside diameter for insertion 
into the sleeve.
The circuit of the probe power supply is given in 
Figure 8. Rectifiers used in the circuit are Sarkes 
Tarzlan Type 1N1113 high-current silicon rectifiers, and 
the supply provides positive voltage in the range 0-5 kilo­
volts. To prevent sparking from the discharge to the oscil­
lator loading clips around the bottle, the r.f. coupling
^Private Communication.
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loop Is maintained at the d.c. potential of the probe.
Common operating pressures for an Ion source of this 
type are below 50 microns of Hg. Since the Hj/Hjj ratio 
delivered by the source Is strongly dependent upon the 
pressure In the discharge vessel, a means of controlling 
the pressure remotely from the console Is desirable for 
optimizing beam output during operation. To achieve such 
pressure control, a special needle valve was constructed 
to replace the existing fixed valve In the copper feed 
line to the source. Remote operation of the valve is as 
follows: A hand operated selsyn generator at the console
drives a selsyn motor at the base of the accelerator. By 
means of a fiberglass cord, a pulley on this motor drives 
a wheel attached to the valve stem in the high voltage 
shell. Using this device, desired pressure variations of 
as little as a few microns in the feed line, and 2 x 10"^ 
mm Hg at the base of the accelerator tube are possible.
During preliminary testing of this ion source with a 
hydrogen discharge, total positive ion currents exceeding 
400 microamperes were observed.
One of the chief problems arising in the assembly and 
testing of the ion bunching apparatus was that of align­
ment of the vacuum chamber and various apertures for pas­
sage of a properly focused ion beam. Since most of the 
focusing action of the accelerator tube occurs at the first 
electrode, the position of the beam as it emerges from the 
ion source is quite critical for proper beam alignment
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further down the system, A small degree of control over 
the horizontal position of the Ion source during operation 
of the accelerator was therefore considered desirable. 
Through suitable alteration of the top end flange on the 
accelerator tube and of the plate holding the Ion source, 
this type of position control was achieved. Two Independ­
ently operated 28 volt d.c. motors are fastened 90 degrees 
apart on the periphery of the ion source mounting plate.
A cam arrangement on the shaft of each of these motors 
drives a control arm with a steel dowel In the end which 
rideB in a groove in the top flange of the accelerator 
tube. Rotating at one revolution per minute, the geared 
motors thus impart the lateral motion of the cams to the 
Ion source base plate, to which they are rigidly mounted. 
This plate slides on an 0-ring seal and rolls on 3/8" ball 
bearings (See Figure 9). Horizontal motion of the ion 
source with respect to the accelerator tube is hence pos­
sible in any direction from the center position. Total 
travel from the center is 1/8 inch. Remote control of the 
motors is through solenoids at the base of the accelerator 
linked mechanically to micro-switches at the motors by 
fiberglass insulating cord.
3* Accelerating Tube. The above described modifica­
tion, as well as the addition of another device for beam 
alignment to be mentioned later, required alterations in
gthe existing accelerator tube. This tube consists of por­
celain Insulator rings separated by spun aluminum elec­
trodes and bonded by vinyl cement. The original end pieces 
are rings of aluminum of 1/2 inch thickness. The bonding 
procedure was to coat the Insulators with vinyl plastic 
dissolved in acetone, and after application of pressure by a 
clamping Jig, to heat the entire unit in a furnace at 375°
F. for 10 minutes. This treatment rendered the tube 
mechanically strong and vacuum tight.^
In the application of this tube in the Louisiana State 
University Van de Qraaff accelerator, the portion of the 
tube extending below the ground plane was not usable for 
ion acceleration. It was desired to eliminate the unused 
section of the tube to provide space for a set of electro­
static steering plates for aligning the ion beam after it 
leaves the accelerator tube.
The end pieces and the desired number of porcelain 
insulators were removed from the tube by local heating of 
the Joints using electrically heated nlchrome bands. New 
end flanges for adapting the tube to the ion source posi­
tioner at the upper end and to the cylindrical housing for 
the steering plates at the lower end were added. The first
R. E. Lee, "The Design and Construction of an Accel­
erating Tube for an Electrostatic Generator,1 Thesis, 
Louisiana State University, (1953).
7Ibid., p. 21.
43
spun aluminum electrode, having a cylindrical focusing lens 
attached to it, was replaced by a similar focusing elec­
trode machined from a single piece of aluminum (See Figure 
9). The surfaces to be joined were coated with vinyl 
cement and allowed to dry thoroughly. The tube was then 
assembled, clamped and heated in a furnace for one hour at 
160° C.
Vacuum testing of the modified accelerator tube 
revealed the presence of pressure-sensitive leaks in the 
new Joints. The tube was consequently disassembled at 
these joints, and the aluminum surfaces were ground with 
a No. 150B compound to guarantee flatness and to provide 
a better bonding surface. A pressure of approximately 500 
lbs/in2 was applied to the cemented surfaces and the entire 
assembly heated for one hour at 160° C. After these 
measures were taken, the vacuum seal was satisfactory at 
operating tank pressures. A pressure of 4 x 10~^mm Hg 
was maintained in the region below the accelerator tube 
with an external gauge pressure of 190 lb/ln2.
4. Beam Steering Plates. To facilitate beam align­
ment, two pairs of electrostatic steering plates, one pair 
for north-south deflection, and one pair for east-west 
deflection, were inserted directly below the accelerating 
tube. The plates were suspended from a brass ring one inch 
thick, through which Stupakoff seals provide electrical 
connections. Having a width of three inches and a separa­
tion of 3/4 inch, the plates were cut from 1/8 inch
aluminum sheet. Figure 10 gives a diagram of these plates 
and the associated power supplies.
5* Electrical Circuits. As a further measure to 
Increase the dependability of the accelerator, the inter­
nal wiring and the power circuits from the a.c. - d.c. gen­
erator were replaced by new ones. This procedure included 
installation of new meters within the high voltage shell 
for external reading of the ion source oscillator plate 
voltage and current, the probe voltage and current, the 
gas pressure in the ion source feed line, the focus voltage, 
and the "down charge" current. The external electrical 
cables leading from the accelerator to the console were 
also re-routed and replaced with new permanent cables.
6. Cooling System. Another component of the accel­
erator requiring improvement was the heat exchanger for 
cooling the interior of the pressure tank during operation. 
It was noted that the system allowed an excessive tempera­
ture rise during operating periods of several hours' dura­
tion. The heat exchanger consisted of two vertical copper 
manifolds circulating tap water through horizontal connect­
ing tubes in good thermal contact with a set of thin copper 
fins. In an attempt to increase the rate of heat transfer, 
a sheet metal duct was constructed to fit the heat 
exchanger assembly, and a semi-centrifugal blower, driven 
at 3450 r.ptm. by a 1/2 horsepower electric motor, was 
added for circulating air through the exchanger. Such 
additions resulted in no appreciable improvement in heat
•c « l« t  • 1
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transfer, and heating of the tank remained greater than Is 
desirable for stability of operation and long life of the 
electronic components. It Is therefore proposed to Install,
In addition to the existing system, a commercially avail­
able exchanger, to be placed inside the sheet metal duct.
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